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Contribution from the Departments of Chemistry, University of
Washington, Seattle, Washington and the University of New
England, Armidale, N.S.W., Australia.

The Equilibrium Between Peroxydisulfuryl Difluoride
and Fluorosulfate Free Radicals.

By Francis B. Dudley and George H. Cady.

1. Work done at the University of Washington while on sabbatical

leave from the University of New England, Armidale, N S.W.,

Australia.

Peroxydisulfuryl difluoride and fluorosulfate free radicals

have been shown to exist in equilibrium below 600OoK. The

2. In a prefluorinated nickel vessel that had been conditioned

with 32O00P to render it inert to S2 0eF2 and dissociation or

decomposition products.

temperature dependence of pressure at constant volume was used

to calculate a series of K values between 4500K and 6OK. This

method indicated an enthalpy change of 22.1 kcal/mole whereas

a spectrophotometric method based on the temperature dependence

of the absorption of the fluorosulfate radical at 474 mp, gave

an enthalpy change of 23.5 kcal/mole.



'The known chemistry of peroxydisulfuryl difluoride provides

strong evidence for the equilibrium

3206F2 ; 2S03F.

Rupture of the relatively weak 0-0 peroxy linkage in the otherwise

strongly bonded parent material, results in two fluorosulfate

radicals which add readily to molecules with ethylenic double bonds

(e.g. perfluoroethylene and perfluorocyclopentene3) and which will

replace even chlorine from a large number of halogen containing

5. Jean'ne M. Shreeve and George H. Cady, JSA.C.S., A, 4521 (1961).

3
organic and inorganic molecules3.

The oxidizing capacity and structural stability of this

fluorosulfate radical is shown by the ability of peroxydisulfuryl

difluoride to oxidize substances such as nitric oxide , nitrogen

4.. John B. Roberts and George H. C','dy, J.A.0.S., 82, 3553 (1960).

dioxide4 , iodine5 , bromine 5 , sulfur dioxide6 and sulfur tetrafluoride5

5. John E. Roberts and George H. Cady, J.A.C.S. 82, 352 (1960).

6. John E. Roberts and George H. Cady, J. A. C.S. 82, 354 (1960).

to fluorosulfate derivatives. The preparation of peroxydisulfuryl

difluoride by anodic oxidation7 of a solution of an alkali metal

7. F. B. Dudley, J.C.S. (In press).

fluorosulfate in fluorosulfuric acid, or from metallic fluorosulfates 7

by displacement reactions involving the use of elementary fluorine,

are both strongly suggestive of the Intermediate formation of

fluorosulfate radicals.
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Of similar equilibrium systems, involving dissociation of a

molecular species into two free radicals, that which has been most

extensively studied is the nitrogen tetroxide-tiltrogen dioxide

equilibrium8 '9, whilst a recently investigated one is that between

8. Bodentstein, Z. Phyaik, Chem. 100, 68, (1922).

9. F. Verhoek and F, Daniels, J:A.C.S., ,, 250 (1931).

tetrafluorohydrazine and the difluoromkino radicalI 0 .

10. F. A. Johnxson and C. B. Colburn, J.A.C.S., 92, 304f3 (1961).

When gaseous samples of the dimeric parent material were

heated to about 1000, a yellow color developed. Convincing evidence

that this was due to a reversible dissociation is provided by Fig. I

which shows the temperature dependence of the visible and ultra-

violet absorption spectrum In the 320-600 millimicron region, at a

constant concentration of the peroxy compound. he absorbance

measurements in this wave-length range were reproducible with

increasing and decreasing temperatures up to 1200. Above this

temperature, reaction apparently occurred with the quartz cell , and

on cooling the cell, the measured absorbance was always less than

that recorded at a corresponding temperature during heating. As a

result, equilibrium constants for the reversible dissociation were

not obtained from spectrophotometric measurements by a procedure

like that used by Johnson and Colburn1 0 in their investigation of

the dissociation of tetrafluorohydrazine. The fine structure that

is evident between 474 and 500 mv is presumably due to electronic

transitions to different vibrational energy levels in the excited

electronic state.



The concentration dependence of the absorbance at constant

temperature is evident from the experimental data shotin in Fig. 2,

but is further emphaeized by Fig. 3 which shows plots of absorbance

versus the square root of the concentration of the peroxydisulfuryl

difluoride at constant temperature.

The linear relationship shown in Mig. 3 is to be expected for

any equilibrium

R2 2R"

11 2 > , where these svmbols refer to the concentration of

the undissociated and dissociated species respectively. In this

study R2 is 82 06 F2 and Ro is considered to be SO3PF, . Since

A = C,,l (where A is absorbance, C.tis the concentration of the

absorbing species, c is the molar absorbancy index in liters/mole-

cm. and 1 is the path lerýgth in cm), K. the equilibrium constant in

terms of concentration is given by

RC,2 R2

It follows that

InK 2 I l c212CR.

If the absorbancy index is temperature independent and anr change

in CR2 is negligXble by comparison with CR, a plot of log A versus

TI 1should be a straight line, D avlng a slope corresponding to the

change in internal energy for the reaction. The least squares

"best fit" of the experimental spectrophotometric absorbance data

to an equation of the form log A = B x IoT3! + C gave the results

shown in W!able 1. for seven samples having different concentrations.

An a.verage for the internal energy change (as obtained from the slopes



Table I

Least Squares "Best fit" Equations

[log A =B T-1 + C1

103 x c C B c A

moles liter"

2.887 2P.483 8.1094 23,4 9

7.668 2. 492 8.451 23°59

12,63 2.458 8.440 23,24

17042 2,535 8.459 23o94

22,17 2.435 8431 23-03

27.39 2.401 8.4o8 22o71

49,30 2.457 8.681 23.24



of these lInes) is 22.7 kol.1/mole. This corresponds to an enthalpy

change of 23.3 kcal/mole aý, 2980 K.

Equiib:rlum constants and a confirmation of the spectrophotometric

enthalpy value were obtainable froa observations of the pressure

variation of S206F2 saaples with temperature. The radical is

stable up to 600L'1 in a nickel vessel that has been sultably con-

ditioned (see experimental section), and above 400 °K dissociation

is sufficient to cause measureble deviation from the ideal gas laws.

Obviously, results obtained at higher temperatures could be expected

to be most reliable as errors in observed departures from. ideal gas

behavior would then be less sipnificant. This, is emphasized in

Fig. 4, where the log ED values farthest removed from the least

squares best fit linear plot are those corresponding to the lower

temperatures.

In calculati-n the extent of dissociation at any particular

temperature, it was necessairy to know the pressure expected in the

event of no dissociation occurring. !iThis was calculated from the

observed initial pressure assuming ideal gas behavior and after

making due correction for the volume expansion of the reaction

vessel.

"The experimental data for 6 runs over an initial pressure

ranZing from 42 to 218 mm. at 3300 K were combined and a least squares

"best fit" gave the equation

log Kp m 7.981 -. 785 x 10o T ý

which yields a value of 22.0 kcals mole"I for the enthalpy change.



The linear dependence of absorbance on the square root of the

concen*tation of the parent material only requires a reversible

dissoclation int;o two parts not necessarilLy identical. S imiarly

the terpe.ature dependence of both absorbance and presstue cmn be

explained on the basis of non Identical dissociation products.

T2o the authors It seems almaost certain that each of the two rw)le-

cules formed bly the dissociation of one molecule of peroxydisOluryl

dfl!.oride is a fluorosulfate free radical. The color, the speed

with which egailibrium is attained and the fomnation of fluoro-

matIates by chemical reactionz of peroxydisull••-yl difluorlde are

all properties to be expected from dissociationa into fluorosulfate

-adicals. No other stolohlometrically possible pair of molecules

(FPr exvmple +031 S + 31) which the authors bave conside-red would

give the observed properties of the system.



Epe•.lTmental

e-- A Beckman Model D.U. quartz spectrophotometer

and 5 cm quartz cylindrical cells were used at a wavelength of

474R1 for all absorbance measurements. Temperatures, constant to

",within - 0.3, could be maintained by use of a specially constructed

1;emperature regulated cell holder and furnace. Temperatures were

measured with a thexmocouple. A stopcock and 10/30 connection was

sealed to the quartz cell, which was evacuated and weighed, prior

to the introduction of a suitable quantity of S2 06 F2 under vacuum

transfer conditions. l¶e peroxydisulfuryl difluoride in the cell

was then condensed with liquid oxygen and the inlet tube sealed.

The weight of sample present was then obtained by difference.

After completion of each rum, the inlet tube was cut, the cell

washed out and the volume of the tube and cell obtained by filling

with water and weighing. This permitted a calculation of the

concentration of S2006 used. Kel-F fluorocarbon grease was used

on all stopcocks and ground glass connections.

Pressure varaation with tem'2eature at constant volume These

measurements were carrieC out in a 1500 cc. prefluorinated nickel

reaction vessel., the surface of which was further conditioned first

by exposure at 2500 to sulphur trioxride vapor, and later to successive

batches of peroxydisulfuryl difluor•de. Prolonged pumping after

each treatment ensured complete removal of any volatile materials.

This conditioning process wa& aimed at producing a surface that

would be inert to peromyjdisulfur•yl difluoride and its dissociation

product.

Because the substances involved react with mercury, pressure

measurements were made with a calibrated Booth-Cromer pressure

transmitter rather than directly with a mercury manometer. The



temperature of the reaction vessel was measured at several points by

chromel-alumel thexmocouples, and during use, was found to be the

same over the surface of the vessel within a range o'f 0.5. The

peroxydisulfuryl difluloride used in this work was prepared by the

method of Dudley and Cady1 3 , its purity being checked by X.R. spectra,

13. F. B. Dudley arnd G. HI. Cady, J.A.O.S., 2,q, 513 (1957).

and by determinations of molecular weights and oxidizing power.

Suitable quantities were introduced into the reaction vessel by

vaporizing the material from the sample tube at room temperature.

The reaction vessel was cooled durine this process, if pressures in

excess of 120 mm were required.

After introduction of the peroxydisulfuryl difluoride, the

temperature of the reaction vessel was gradually raised to a maxium

of 6000 K, and then allowed to cool to room temperature , pressures be-

ing recorded et regular temperature Intervals. The pressure-temp-

erature graphs were, within the limits of experimental error,

identical with both increasing and decreasing temperatures. Above

600°K, decomposition commenced. The pressure-temperature curves

for falling temperatu•e were no longer the same as for rising

temperature and the final product contained sulfuryl fluoride and

oxygen.

After each ran not exceeding 6000 K samples were found to be

quantitatively condensable, and to give the same I.R. spectrum as

the original material.
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